roactive environmental control of
storage areas for cultural heritage

First lessons learnt from implementing Al and ML in practic



Welcome

Hi, my name is Ulla Bggvad
Kejser d senior researcher and
conservator at the Royal Danish
Library

Teaser for online
workshop at
Fantastic Futures
21 December®




Online workshop dtantastid-utures 2021
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=~ Intendedaudienceand .. & .

§$ £5 &
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:

ACurators conservatorsand conservatiorscientists workingwith
preventive conservation

ALessons learnt useful for setting up own machine learning projects

AFacility managers afalleries, libraries, archives, museums (GLAM)
Alntegration of machine learning technology in daily facility operation

ADatascientistsworkingwith GLAM institutions
AOpportunity to challenge prototype concepts and improve performance




Crossdomain research group

AConservator team
AMorten RyhiSvendsen
A Royal Danish Academy, Institute for Conservation

ABirgit Vinther Hansen SG

A Royal Danish Library, Preservation

AUlla Bggvad Kejser
A Royal Danish Library, Preservation

ADBC Digital team
AChristian Boesgaard
ASgren Hgjlund Mollerup
ANoahTorp-Smidt




Projectmaturinganddevelopmentg
fundedby the DanisIMinistry of Culture

APilot study 2019 o

APrediction of the brittleness of historic paper
A Dataset with 756 paper samples
A No.handfoldinggbrittleness), pH, color, creation year

A Random Forest Classification (accuracy 79%)
{ ¢ L

A Link to ICOMCC 2hbstract
u 2 @

AResearch project 2020022
Aa[ SENYyAYy3I YIOKAYySa LJN\BE‘}.L '
NA&ala (2 OdzZ ddzNIF £ KSNRGI 3 JNBaS
ADevelop a prototype to predict harmful
environmental conditions

>\§'


https://www.icom-cc-publications-online.org/4417/Teaching-machines-to-think-like-conservators--Machine-learning-as-a-tool-for-predicting-the-stability-of-paper-based-archive-and-library-collections

Overviewof the rest of thaecording

ARiskdo cultural heritagecausedby humidity

ACasestudy
ADatapreparationandanalysis

APrototypedevelopment




Hi, my nameis Birgit Vinther Hansen
- conservatorat the Royal Danish Library

Riskto cultural heritage in storage




Climaterisksto culturalheritage

BizotGreen Protocol
Guidelines
(Environmental
sustainability- reducing
museums' carbon
footprint)

40-60 %with fluctuations
of no more thant10% RH
per 24 hours within this
range.
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Cocklingof paperdue tohighhumidity




Bleeingof ink due tohighhumidity




Growth ofmold due to highhumidity




Deformation ofparchmentand
photographsdue tolow humidity




Loss of paint in a polychrome wooden sculpture
caused by large fluctuations in relative humidity
(Image courtesy of ICCROM Archives).

Cannon balls made of iron suffering
from corrosion because of high
relative humidity (Image courtesy
of José LuiPedersolur.).




Climatecontrol
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Casestudy

AOur test site is the National Museum storage facil@yh(olm, Denmark)




A Humiditycontrolled
A Semiairtight building

A Largeobjectscollection

Clickon image formovie A Longclimatedata set (2008> now)




Inside the store Sa—

-

AObijectsare storedin three adjoined
halls, in acontrolledclimate

IEuﬂ-rrp

door

10 m




[
Clickon image formovie

Thecollectionclimate

ARelativehumidity shouldbe
between40-60% (bymechanical
dehumidificatior)

AThebuildingis notheated

AClimateis monitored by sensors
connectedto the buildingmanagement
system



Clickon image formovie -> i

Climatecontrol

ATheclimatesensorscontrolsthe air
conditioningsystem,whichdehumidifies
air if necessary

AClimatedata is
recordedand
stored hourly




Otherdata

AWe alsomonitor air pollution
Insideand outsidethe building

AOutdoorweatherdata is
providedonline from a
nearbynational
meterological
weatherstation.



Data Preparation and Analysis

AWe haveaccesgo severalyearsof hourly measurementgrom the
three storagebuildings

AAlsopulled inmeterologicaldata from DMI.

ATask Isthere somewayto predictextremehumidity levelsbefore
they occur?

ABegin byisualizingdata inorderto makehighlevel"eyetests".

<)




Sample Graphsinside and Out
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Model Building

APrediction is a Time Series Analysis problem. <)

AL oad datanto standardML datastructures andcalculate
auxiliaryfeature valuesto help estimators

AGatherdata in "rollingwindows', and shifthumidity valuesto get
feature valuestogetherwith humidity values'in the future".

ADefinehumidity thresholdsas labels, antreat as two binary
classification problems.

AJupyterNotebookhere.


https://github.com/DBCDK/orholm-prediction-demo/blob/main/notebooks/orholm%20-%20XGBoost%20model.ipynb

Main Points from Code

ACreated'simple" model withRandomForestClassifitpm sklearn
AYieldedOKresults but feltwe coulddo better

AMore advancedmodelusingGradientBoosting(XGBoost I(l)))

A Evenbetter resultson the samdraining/test data split asibove
Numbersfory _high

best params: {'learning_rate": 0.05, 'max_depth': 100, 'n_estimators': 500}
precision recall f1 - score

0 0.99 0.99 0.99
1 0.92 0.92 0.92



Prototypec Risk Prediction

ASet updailyjob that fetchesdata, runsprediction, andsendsemailin
casewe predicthigh or lowhumidity.

APredict script irthis notebook

Aln a three week period in October and November, it has sent out 2
warnings, predicting high humidity.
ABoth hit the mark: humidity was high the following day <|)))
ANo nonpredicted incidents at the time of writing



https://github.com/DBCDK/orholm-prediction-demo/blob/main/notebooks/predict-xgb-template.ipynb

Proactive environmental control of storage
and exhibition areas for cultural heritage



